H ealth disparities that exist between different socioeconomic status (SES) groups remain a consistent finding in epidemiologic research. 1 Seminal studies including the Whitehall studies conducted among British civil servants have shown that lower SES is associated with increased cardiovascular disease (CVD) risk. 2, 3 Subsequent research has demonstrated that several measures of SES including income level, educational attainment, employment status, and environmental factors are associated with an increased risk of CVD. 1 Several factors contribute to the development of CVD, and hypertension is among the most important. 4 Hypertension is associated with an increased risk of coronary heart disease, stroke, heart failure, peripheral arterial disease, and all-cause mortality, as well as target end-organ damage including left ventricular hypertrophy and chronic kidney disease. 5, 6 Prior observational studies have shown that hypertension is more common and more poorly controlled among lower versus higher SES groups. 7, 8 However, understanding the causes of such disparities remains a challenge within public health. There are multiple factors including the lack of access to appropriate hypertension treatment that may explain why lower SES is associated with lower blood pressure control and increased risk of outcomes. It remains unclear whether these associations persist when the lack of access to appropriate hypertension treatment is no longer a barrier.
In this issue of the Journal of the American Heart Association (JAHA), Shahu et al address this knowledge gap by examining the associations of household income with blood pressure control and outcomes including CVD events and all-cause mortality in a post hoc analysis of ALLHAT (Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial). 9 ALLHAT, one of the largest doubleblinded randomized trials of antihypertensive medication treatment, enrolled men and women ≥55 years old with untreated or treated hypertension, and prior history of CVD or 1 or more CVD risk factors. 10 Randomization occurred within study sites and participants were initially assigned to a thiazide diuretic (chlorthalidone), an angiotensin-converting enzyme inhibitor (lisinopril), a calcium channel blocker (amlodipine), or an alpha-adrenergic blocker (doxazosin). Second-line medications (atenolol, clonidine, or reserpine) and third-line medications (hydralazine) could be added after the initial medications were titrated to the maximum dose. The doxazosin treatment arm, which was prematurely terminated because chlorthalidone was found to be superior to doxazosin, was not included in the current analysis. 11 The analysis by Shahu et al was restricted to sites located in the continental United States (US). Household income was defined as the county-level median household income of a participant's study site, which was based on study site zip codes. The authors determined county-level median household income from the 2000 US Census, which was the closest census year to the ALLHAT study period. County-level income was adjusted for the cost of living in each state in 2000 and then assigned to participants at that site. Using data from 27 862 ALLHAT participants, the authors found that the lowest quintile, compared with the highest quintile of household income, had significantly worse blood pressure control, defined as a blood pressure <140/90 mm Hg, at year 1 follow-up (44.8% versus 57.3%, respectively), which persisted to year 6 follow-up (50.0% versus 69.3%, respectively). The adjusted odds ratio (95% CI) for blood pressure control was 0.62 (95% CI, 0.56-0.70) at year 1 and 0.48 (95% CI, 0.37-0.63) at year 6. Additionally, the lowest versus highest quintile of household income had an increased risk of all-cause mortality (adjusted hazard ratio 1.25; 95% CI, 1.10-1.41), hospitalized or fatal heart failure (adjusted hazard ratio, 1.26; 95% CI, 1.03-1.55), and end-stage renal disease (adjusted hazard ratio 1.86; 95% CI, 1.26-2.73).
The analysis 9 has several notable strengths. Participants were enrolled into a highly standardized trial that had a rigorous study protocol including the conduct of research grade blood pressure measurements, administration of antihypertensive medication along with a standardized approach to medication titration, and regular and frequent follow-up visits. These findings indicate that low SES, as represented by household income, was associated with worse blood pressure control and an increased risk of outcomes in an environment that provided access to uniform hypertension treatment for all participants, regardless of SES. Furthermore, for blood pressure control, the results were consistent across several sensitivity analyses including stratification by treatment arm, and restriction to black participants, and separately to participants living in the South. Finally, results for blood pressure control were also similar after adjusting for visit adherence. This is a particularly important consideration because visit adherence was lowest among participants in the lowest quintile of household income.
Examining the associations of household income with blood pressure control and outcomes within the context of a clinical trial is novel. However, to understand the implications of the study findings requires an appreciation of some potential study limitations. Median household income of the county in which a study site was located may not be equivalent to the median household income of the county where the participant lived nor the income of a participant's household. Furthermore, household income may not fully capture disparities in net worth or financial security of a household or community, which may better align with the health disadvantages of poverty. 12 Similarly, the study was unable to examine other SES factors, such as educational attainment, and how they may affect the associations found by the authors. Lifestyle factors including healthy diet, physical activity, and weight loss, which are important in blood pressure control, were not examined in this study. 13 In ALLHAT, adoption of healthy lifestyle factors were "encouraged" for all participants; however, it is unknown how adherence to such recommendations varied between income groups. It is possible that participants in the lowest quintile of household income were less likely to adhere to a healthy lifestyle. 13 The analyses were also unable to adjust for antihypertensive medication adherence, because of a substantial amount of missing data. Finally, the analyses were not able to investigate the dynamic means by which low income, inadequate education, job insecurity, housing insecurity, and other social threats to health may interact to affect an individual over their life course.
There were also some unexpected findings. Compared with the highest quintile of household income, the lowest quintile of household income was not associated with an increased risk of combined fatal coronary heart disease or nonfatal myocardial infarction, which was the primary outcome assessed in ALLHAT. Similarly, the lowest quintile of household income was not associated with an increased risk of stroke; fatal, hospitalized, or treated nonhospitalized heart failure; and peripheral artery disease. It is unclear why there was an inconsistent association between household income and CVD events. Furthermore, the study did not examine whether the associations of the lowest quintile of household income with the increased risks of all-cause mortality, hospitalized or fatal heart failure, and end-stage renal disease were explained by worse blood pressure control. Therefore, whether the effects of SES on these outcomes were mediated by the effects of SES on blood pressure is unknown. Finally, the lowest quintile of household income was associated with a lower risk of coronary revascularization, and hospitalized or treated angina. Reasons for these findings are unknown, and should be investigated further. As the authors suggested, it is plausible that the participants in the lowest quintile of household income did not seek medical evaluation, had atypical presentations, and/or were treated differently than those in the highest quintile of household income. 14 Recent data from the National Health and Nutrition Examination Survey indicate that the prevalence of controlled hypertension remains at 50%. 15 Based on the 2017 American College of Cardiology/American Heart Association Blood Pressure guideline, which recommends a lower blood pressure threshold (≥130/80 mm Hg) for defining hypertension, 45.6% of US adults have hypertension. 16 Among US adults taking antihypertensive medication, 53.4% had blood pressure above the treatment goal according to this threshold. 16 These findings suggest that more intensive efforts are needed to improve blood pressure control among the general population. The findings by Shahu et al indicate that it is particularly important that SES be considered when treating patients with hypertension. If lack of access to hypertension treatment fully explains income-related disparities in blood pressure control and outcomes, we would have expected these disparities to be mitigated within the context of a clinical trial. Therefore, the study by Shahu et al 9 confirms the complexity of the associations of disparities in income with blood pressure control and hypertension-related outcomes, and suggests that providing access to hypertension treatment alone may be insufficient to overcome this inequity. As such, more research needs to be conducted to determine the underlying mechanisms and how they relate to one another.
In summary, in exposing the associations of lower household income with worse blood pressure control and outcomes among participants enrolled in a rigorous clinical trial, Shahu et al 9 have revealed the challenges of fully understanding the link between lower SES and adverse health. That such disparities in health are as apparent currently 1,7-9,12,17 as they were at the time of the Whitehall studies several decades ago 2,3 underscores the urgent need to understand the root causes of such social inequities and to overcome them. Finally, as we implement strategies to improve blood pressure control, 6 it is essential that we actively account for the potential harms to health associated with low SES, to ensure that the care we deliver improves outcomes for all populations.
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